4 or acoustic mis-match at these junctions. It is probably this last-named effect which is of most value when localization of lesions is sought prior to injection. In the early stages it alleviates pain and reduces spasm, and post-traumatic cedema does not appear to occur so readily after the use of ultrasound. Much of the criticism of ultrasonic therapy stems from incorrect use and many faults can be attributed either to inaccurate output of the apparatus or to inadequate contact of the transducer during treatment. In one of the latest machines the output is metered accurately, and complete contact can be assured electronically. Experience has shown that unless the area to be treated is completely in contact with the transducer an air gap occurs with resulting inefficiency, and this is not overcome by the use of a glycerol or liquid paraffin couplant. If there is any doubt whatsoever, the region to be treated should be submerged in water or alternatively a thick jelly applied over the part to be treated, into which the transducer can be partly submerged; in either case perfect coupling is assured.
Local Injections
The pendulum of opinion has swung sharply during the last decade over the use of local infiltration in athletic injuries.
There is little doubt that steroid infiltration (accompanied by local anesthesia) reduces inflammatory cedema and swelling in the acute phase, whereas in the chronic injury it is useful in the treatment of painful scars and adhesions prior to stretching. Failure in the majority of cases to produce relief can be ascribed either to inadequate localization of the lesion before injection or to uncontrolled activity immediately after injection. In this series, steroid infiltration was performed after accurate localization, a fine-gauge needle was used, and the smallest effective amount of hydrocortisone and local anesthetic injected. After injection, activity was restricted until the local anesthesia wore off and at this stage a gradual increase of work level was permitted under supervision. When one considers the demands made on the physique of a dancer from the time she begins her training at the barre to her career on the stage it is not surprising that certain mishaps should occur from time to time. During the period of training the common disabilities are usually associated with muscle, tendon and minor ligament strains. With the advent of 'pointe' work these strains may become more severe while, with the adult professional dancer, more serious injuries may occur. These, however, have been comparatively infrequent.
Physical Defects in Relation to Errors in Technique Few dancers have a perfect physique; most have some minor physical defects which in many cases they may be able to overcome by exceptional attention to technique. Although these defects may be improved they can never be completely corrected, and they will always remain as a potential hazard to the dancer. For example, there may be some some tightness in 'turn out' at the hips, some bowing and rotation of the tibie, or a little tightness in the ankle-joint.
When dancers are tired and their concentration is affected after endless classes and rehearsals, these minor defects may be responsible for errors in technique. It is necessary to consider certain fundamental principles in ballet technique since injuries and technique are so closely linked together. It is proposed to deal mainly with disabilities of the feet and knees, because as might be expected, feet figure most prominently amongst complaints of the ballet dancer with knees a close second.
Variations in Type ofFoot
It is important to recognize the types of feet that may be relied on to remain free of trouble as distinct from those which so frequently are subject to tendon and ligament injuries. The foot of one individual varies in shape from another much as does the hand or face. There is hardly such a thing as a 'normal' foot. What makes it normal is its capacity to meet the severe demands made upon it. The highly arched foot, which begins practically at the ankle-joint, leaving the forefoot soft and flexible, or the foot that has a high arch formed by the midtarsal joints and a less flexible ankle are both beautiful but will not take as kindly to hard work as the sturdier and more closely knit foot with a less pronounced arch. This foot with its broad forefoot and even length of toes will stand up to wear and tear almost indefinitely and give no trouble as time goes on. In the highly arched foot the sole muscles tend to be weak. These muscles are concerned chiefly with the changing shape of the foot. They also propel the foot in springing and walking and hold the toes firmly on the ground in standing, preventing splaying and holding up the arch. Without special attention in training, this foot remains soft and mobile, giving way on pointe and having no push off in elevation. By training the foot in the fundamental exercises at the barre the highly arched foot can be made efficient and with particular attention to technique can be safeguarded from most injuries.
Injuries to Foot and Ankle due to Faulty Technique Pain along the inner border of the foot, sometimes radiating up the back of the leg, is fairly common in the young dancer during training. Symptoms usually appear in the supporting foot while exercising at the barre and are more likely to appear in those with a flexible highly arched foot. The commonest cause for this is 'rolling the foot and ankle'. When standing, the weight of the body should be borne on three points. In front, on the heads of the first and fifth metatarsals and behind on the back of the calcaneus. This triangle constitutes a base from which the muscles of the leg can work in holding up the arch. In this position the long muscles of the leg, having no actual movement to perform, give the ankle its stability and when weight is transmitted correctly, the front and back of the foot are in alignment. Adduction and abduction, in which the forefoot turns out and in, takes place at the midtarsal region. This tuming in and out of the forefoot must not be confused with the turning of the whole foot which is that used in ballet and which takes place at the hip-joint.
As training progresses and a still further degree of turning is required, the leg muscles then have to work more strongly to prevent abduction of the forefoot. If this final turning is impossible because of some tightness in the hips, and should it be insisted upon, then further turning of the foot can only be accomplished by altering the alignment of the fore and back part of the foot. The weight then falls on the inner side of the foot, the evertors act more strongly and the foot will roll with subsequent weakening of the whole musculature of the foot.
As the result of rolling, strains, particularly to the tibialis posticus, flexor hallucis longus and flexor digitorum longus, are liable to occur, while attempts at over-correction of this defect will produce similar symptoms in the peroneal group.
These minor strains are usually not serious in the early stages and are easily treated.
It is with the advent of pointe work that absolutely correct technique is essential if injuries to the foot are to be avoided. On pointe the ankle has lost the protection of the muscles which on standing or demi-pointe can quickly adjust to changing positions. On full pointe they are themselves in a fixed position and therefore cannot move. These muscles give full support as long as no alteration is made in the knee or ankle joints. If the foot 'sickles' out, the weight of the body will be diverted to the inner side of the foot, stretching ligaments and muscles beyond their power to maintain the arch. Sickling-in is not as damaging to the foot, but stretches the external lateral ligaments of the ankle and predisposes to recurrent sprain. The results of this imbalance of muscles is the usual cause of a series of disabilities affecting tendon, tendon sheath, ligaments and joints and, as would be expected, are found much more often in the highly arched and hypermobile foot. The muscle most commonly affected in sickling-out is the tibialis posticus.
Pain is usually referred to the region behind the medial malleolus, but it may be referred down the length of the tendon towards its insertion. Swelling in the line of the tendon is usually caused by an effusion within the sheath. This may be very localized or fairly diffuse. In some cases, and this is almost exclusively confined to the adult dancer, definite localized thickening of the tendon sheath is observed and there may even be some stenosis of the sheath. This usually occurs in a limited region and is usually present just below and distal to the medial malleolus.
In the case of tenosynovitis of the tibialis posticus which is resistant to treatment or in which symptoms recur, stenosis should be suspected even though a definite thickening cannot be felt with certainty. Tenosynovitis of the tendo achillis occurs usually in teenagers rather than the adult dancer. The foot is often stiffish and there is often tightness in the tendon. Also, the young dancer who has been limited to two or three hours a week and then finds herself doing two or three hours of classes a day is very liable to this particular strain.
A disability which is comparatively common both in the student and in the fully-trained dancer is one causing severe pain behind the ankle when attempting full pointe. The pain is felt in the last few degrees of this movement and can also be 5 531 produced passively by forcible plantar flexion of the foot particularly if the foot is sickled. Careful examination localizes the maximum point of pain at the posterior part of the astragalocalcaneal joint and not in the tendo achillis as is usually diagnosed. The term 'dancer's heel' has been applied to this condition and it occurs more frequently in the highly arched and hypermobile foot and in the foot with a tight ankle. In both cases it is also probably associated with some defect in technique. With this type of foot the centre of gravity comes too far forward when on pointe and the synovial membrane becomes nipped as the astragalo-calcaneal joint surfaces are forced together.
Injuries ofthe Knee
The same relationship between anatomical defects and errors in technique applies to knee injuries. The importance of correct alignment of the knee and foot has already been stressed. The fundamental exercises at the barre practised daily by every dancer are designed to teach not only this correct alignment but the 'placing' of the whole body. 'Placing' is a term used in ballet and means that whatever movements are performed, every part of the body is in correct relation with the rest and as a result the dancer can move smoothly and with perfect rhythm from one movement to another.
The two most common defects affecting the knee are knock-knee and bowing with tibial rotation. Both are likely to cause difficulty in elevation and pointe work as the thrust from the floor will no longer be transmitted in a straight line from the foot to hip but at an angle through the knee. Hyperextended knee known as 'sway back' knee is by far the most serious deformity, as the posterior ligaments are permanently stretched and placing of the body is completely upset.
Because of the disalignment of the knee and foot, rolling and sickling are both more likely to occur with all the attendant dangers to the foot. Lateral ligament strains are extremely common, but the patella is probably most frequently the site of pain. Pain may be localized to the infrapatellar ligament at its attachment to the inferior pole or along the under surface of the medial border of the patella. In severe cases some of the fibres of this ligament may be ruptured with hwmatoma formation and occasionally there is an effusion in the knee. Both these conditions are caused by the oblique pull of the inferior patellar ligament whereby the abnormal pull of the infrapatellar ligament forces the patella out of its normal position in the intercondylar groove.
Greater pressure is then transmitted to the medial surface of the patella and synovial attachment causing bruising or nipping of the synovium. True chondromalacia of the patella is uncommon, but if present it occurs almost always in male dancers who are more liable to direct injury to the patella than their partners.
Symptoms simulating a torn meniscus occur quite frequently. In the case of the medial meniscus, pain is referred to the medial side of the knee in the joint line and often an effusion is present. Any attempt at McMurray's test is resisted, but extension of the knee remains full. Yet in many cases these acute symptoms will recover within twenty-four hours with rest and the dancer is able to return to full dancing with complete confidence in the knee within a few days. This would be unusual had the meniscus been torn and for this reason symptoms are more likely to be caused by nipping or abnormal mobility of the cartilage or even a tear of the coronary ligaments. It is important to recognize this condition as distinct from a true meniscal tear in order to avoid unnecessary surgery.
The technique of ballet is extremely difficult and exacting and it is only after years of constant practice that the art will be perfected. Therefore, if errors in technique are allowed to persist, disabilities are much more likely to occur and any physical variation in anatomical make-up of the dancer is an added factor in causing injuries. M MMAR Freeman (Department ofMechanical Engineering,. Imperial College, London) Instability ofthe Foot Following Ligament Injuries at the Ankle Injuries to the lateral ligament of the ankle are commonly sustained in many sports. Table 1 shows the results after one year of treating a group of patients who had previously sustained no such injuries and had had asymptomatic feet and ankles. In Table 1 any departure from normal, however trivial, has been listed as a complaint. It will be seen that irrespective of treatment or the severity of the injury, a surprising number of patients developed a foot which tended to give way.
